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', Abstract 

0\ , Exact solution are obtained for a homogeneous spapcially isotropic cos- 

mological model in a matter free space with or without cosmological con- 
■ stant for a n-dimensional Kaluza-Klein type of metric in the rest mass 

CN , varying theory of gravity proposed by Wesson[1983]. The behavior of the 

model is discussed. 
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1 Introduction 

In a past few years there have been many attempts to construct a unified field 
theory based on the idea of multidimensional space time. In-need it is generally 
be-lived that higher dimensional must play a significant role in the early uni- 
verse. Wesson [1983] proposed a 5-dimensional Space-Time-Mass (STM) theory 
of gravity with variable rest mass. In this theory 5 coordinates are x° = ct, the 
three space co-ordinates are x 1 = x, x 2 = y, x 3 = z and x 4 = this new 5- 
dimensional theory of variable rest mass as a natural extension of general theory 
of relativity. The existence of constant C suggest that x 4 = ^ (m = mass) be 
a coordinate in 5-dimensional theory of space- time- mass. 

In our present work we extended the work of Chaterjee[1987] for n-dimensional 
variable mass theory of gravity. We have obtained an exact solutions for a homo- 
geneous spatially isotropic n-dimensional cosmological model in vacuume both 
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with or without cosmological constant. However, it is pointed out that Chater- 
jee's[1987] solution is a particular case of solution presneted here. 



1.1 Field Equations 

The line element for a n-dimensional homogeneous and spatially isotropic cosmo- 
logical model is taken as 

ds 2 = e u dt 2 - e^dx 2 + e^dm 2 (1) 

where dx 2 = J2i=i^ dxf and fi, u and v are the functions of time and mass. 
Here the coordinate x° = t, x 1 ' 2 ''"'^^ (space coordinate) and x^ 1 ^ = m. For 
simplicity we have set the magnitudes of both C and G to unity. By applying 
this metric to the Einstein field equation Gy = — R = Ag^ with the 
assumption e u = 1, we get 

G m = -(n-2)(n-3) y-(«-2)f -(n-2) e- (-± - + (n - 1) f ) = -A 

(2) 

(| + f) + (n -3K(f + f + (ll -4) 

(** * * * 2 \ 

^-^ + („-2)^)=A (3) 

Gil = G22 = C33 = ■ • ■ = G( n _2)( n -2) 

Go ( n-i) = (n - 2) — + — - = (4) 

G(n-i)( n -i) = -(n - 2)(n - 3)^ - (n - 2) (| + (n - l)y) = -Ae" (5) 

where a dot(.) and star(*) denote, respectively partial derivative with respect to 
time and mass. 



1.2 Solutions 

By solving equation (4) we get 



e» = u 2 



a(m) 



where a(m) is an arbitrary function of mass only. 
Since w^Owe get, using equation (6) in (5) 



UJ + - — - — - u 2 



2A 



(n-2) 



(6) 



+ 



(n-3) 



a(m) = 



(7) 
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Replacing e w by y we get 



V - 



After first integration we get 



2 A (n - 3) 



(8) 



y 



8 A 



(ra-l)(n-2) 



2 . 7 
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(9) 



where 7 is a arbitrary function of mass only. 

Different cases for the equation (9) may arise. We shall consider four of them. 



Case I : A = 0, 7 = 

In this case simple solution of equation (9) is 

e w = ai t 2 + ft t + 7 



(10) 



where a± — , (3\ and 71 are arbitrary functions of mass only. This result is 
exactly identical to those obtained by Chaterjee [1987] for 5-dimension. 

Case II : A = 0, 7 ^ 

After an extremely tedious but straight forward calculation we get the general 
solution of equation (9) as 



a 



- 1 



(7 — X 2 ) 2 



f c 

+ N 2l 

J (7 — x 



dx 



2\N 3 



t + d 



(11) 



where Ciis an arbitrary function of mass and x 2 

2(n-3)' iV2 (n-3)' iV3 2(n-3) 

Case III : A ^ 7 = 

In this case the solution of equation (9) is 



(n-2)n 

(7 — ae 2 ), JMi 



4A 



,2 A. 1 

« + 2 (— Y 2 



2 Ae 



2^ 



ae 



= e 



(±t+c 2 ) 



(12) 



where C2 is an arbitrary function of mass only. 

This solution is formerly the same as the the solution obtained by Chaterjee [198 7] 
for 5-dimension. 



Case IV : A ^ 7^0 

From equation (9) we get the general solution 

e Ki w K e K 3 oj ae K^ 
+ 



2jK 3 2 1 K A 



(13) 



where K x = K 2 



8 A 



K _ 3 (n+1) ts 
(n-l)(ra-2) ' XY 3 — 4 , ^ 4 



(3n-7) 



3 



1.3 Conclusion 



In this paper we have considered the the n- dimensional Kaluza-Klein type metric 
in rest mass varying theory of gravity. The solution obtained here is more general 
by Chterjee[1987] for 5-dimensional case. Chaterjee's solution is a particular case 
of the solution presented here . We think that this new exact higher dimensional 
solution together with cosmological consideration should bring some additional 
information and as such they need to be further investigated. It is our hope that 
the higher dimensional solution presented here can be used as the starting point 
to investigate the behavior of the rest of the particles in more realistic universe 
model. 
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